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Description
FIELD OF THE INVENTION

[0001] The invention relates to a data processing sys-
tem (e.g. an integrated circuit) having a plurality of
processing modules and an interconnect means for cou-
pling said plurality of processing modules, and a method
for transaction retraction in such a data processing sys-
tem.

BACKGROUND OF THE INVENTION

[0002] JUN XU: "Asynchronous interconnection and
interfacing of Intellectual Property cores in the design of
Systems-on-Chip" CENTRE FOR CONCURRENT SYS-
TEMS AND VLSI SCHOOL OF COMPUTING, INFOR-
MATION SYSTEMS AND MATHEMATICS - SOUTH
BANK UNIVERSITY, [Online] 2 October 2002
(2002-10-02), pages 125-153, XP002330546 LONDON,
is state of the art.

[0003] Systems on silicon show a continuous increase
in complexity due to the ever increasing need for imple-
menting new features and improvements of existing func-
tions. This is enabled by the increasing density with which
components can be integrated on an integrated circuit.
At the same time the clock speed at which circuits are
operated tends to increase too. The higher clock speed
in combination with the increased density of components
has reduced the area which can operate synchronously
within the same clock domain. This has created the need
for a modular approach. According to such an approach
the processing system comprises a plurality of relatively
independent, complex modules. In conventional
processing systems the systems modules usually com-
municate to each other via a bus. As the number of mod-
ules increases however, this way of communication is no
longer practical for the following reasons. On the one
hand the large number of modules forms a too high bus
load. On the other hand the bus forms a communication
bottleneck as it enables only one device to send data to
the bus.

[0004] A communication network forms an effective
way to overcome these disadvantages. Networks on chip
(NoC) have received considerable attention recently as
a solution to the interconnect problem in highly-complex
chips. The reason is twofold. First, NoCs help resolve
the electrical problems in new deep-submicron technol-
ogies, as they structure and manage global wires. At the
same time they share wires, lowering their number and
increasing their utilization. NoCs can also be energy ef-
ficient and reliable and are scalable compared to buses.
Second, NoCs also decouple computation from commu-
nication, which is essential in managing the design of
billion-transistor chips. NoCs achieve this decoupling be-
cause they are traditionally designed using protocol
stacks, which provide well-defined interfaces separating
communication service usage from service implementa-
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tion.

[0005] Using networks for on-chip communication
when designing systems on chip (SoC), however, raises
a number of new issues that must be taken into account.
This is because, in contrast to existing on-chip intercon-
nects (e.g., buses, switches, or point-to-point wires),
where the communicating modules are directly connect-
ed, in a NoC the modules communicate remotely via net-
work nodes. As aresult, interconnect arbitration changes
from centralized to distributed, and issues like out-of or-
der transactions, higher latencies, and end-to-end flow
control must be handled either by the intellectual property
block (IP) or by the network.

[0006] Mostof these topics have been already the sub-
jectofresearchinthefield of local and wide area networks
(computer networks) and as an interconnect for parallel
machine interconnect networks. Both are very much re-
lated to on-chip networks, and many of the results in
those fields are also applicable on chip. However, NoC'’s
premises are different from off-chip networks, and, there-
fore, most of the network design choices must be reeval-
uated. On-chip networks have different properties (e.g.,
tighter link synchronization) and constraints (e.g., higher
memory cost) leading to different design choices, which
ultimately affect the network services.

[0007] NoCs differ from off-chip networks mainly in
their constraints and synchronization. Typically, resource
constraints are tighter on chip than off chip. Storage (i.e.,
memory) and computation resources are relatively more
expensive, whereas the number of point-to-point links is
larger on chip than off chip. Storage is expensive, be-
cause general-purpose on-chip memory, such as RAMs,
occupy a large area. Having the memory distributed in
the network components in relatively small sizes is even
worse, as the overhead area in the memory then be-
comes dominant.

[0008] For on-chip networks computation too comes
at a relatively high cost compared to off-chip networks.
An off-chip network interface usually contains a dedicat-
ed processor to implement the protocol stack up to net-
work layer or even higher, to relieve the host processor
from the communication processing. Including a dedicat-
ed processor in a network interface is not feasible on
chip, as the size of the network interface will become
comparable to or larger than the IP to be connected to
the network. Moreover, running the protocol stack on the
IP itself may also be not feasible, because often these
IPs have one dedicated function only, and do not have
the capabilities to run a network protocol stack.

[0009] Introducing networks as on-chip interconnects
radically changes the communication when compared to
direct interconnects, such as buses or switches. This is
because of the multi-hop nature of a network, where com-
munication modules are not directly connected, but sep-
arated by one or more network nodes. This is in contrast
with the prevalent existing interconnects (i.e., buses)
where modules are directly connected. The implications
of this change reside in the arbitration (which must
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change from centralized to distributed), and in the com-
munication properties (e.g., ordering, or flow control).
[0010] Modem on-chip communication protocols (e.g.,
Device Transaction Level DTL, Open Core Protocol
OCP, and AXI-Protocol) operate on a split and pipelined
basis with transactions consisting of a request and a re-
sponse, and the bus is released for use by others after
a request issued by a master is accepted by a corre-
sponding slave. Split pipelined communication protocols
are used especially in multi-hop interconnects (e.g., net-
works on chip, or buses with bridges), allowing an effi-
cient utilization of the interconnect. The efficiently of a
split bus can be increased for cases where a response
generation at the slave takes is time consuming. On a
pipelined protocol, a master is allowed to have multiple
outstanding requests (i.e., requests for which the re-
sponse is pending or expected).

[0011] The above mentioned protocols are designed
to operate at a device level, as opposed to a system or
interconnect level. In other words they are designed to
be independent of the actual interconnect implementa-
tion (e.g., arbitration signals are not visible) allowing the
reuse of intellectual property blocks IP and their earlier
integration. In addition, these communication protocols
are designed to ensure thatan IP block can communicate
"naturally" (e.g., word width and burst sizes are config-
urable to suit the device rather than a bus).

[0012] Some of these protocols like DTL include a
function to retract transactions as an additional protocol
feature. Anissued transaction can only be retracted with-
out causing any change in the state of a slave when the
transaction has not been accepted yet by a slave.
[0013] Transaction retraction is usually implemented
by invalidating the command signals. However, in order
to avoid that the slave is left in an incorrect state due to
the transaction retraction, the slave is enforced by the
protocol to process the transaction in merely one cycle.
This can be especially difficult in a system with a high
clockrate. Furthermore, the retraction of a command may
not be possible, when address signals (i.e., command,
address, and other command parameters, such as burst
length) are independent of the write data signals. For
example, when write data for a command has already
been (partially) accepted by a slave and sent further be-
fore the actual write command itself is accepted (as im-
plemented in the AXI protocol), the write command can-
not be retracted, since there may be no way to seize and
remove the already sent write data. Accordingly, the AXI
protocol does not even allow transaction retraction.

SUMMARY OF THE INVENTION

[0014] It is therefore an object in the invention to pro-
vide an improved transaction retraction in a transaction
based communication environment.

[0015] This object is achieved by a data processing
system according to claim 1, and a method for transaction
retraction according to claim 7.
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[0016] The proposed data processing system allows
transaction retraction in a controlled way, whereby the
possibility of inconsistent states in the target is avoided,
and unnecessary constraints on targets are eliminated.
The ability to actually perform an effective transaction
retraction is a desirable property, since the load on the
interconnect can be reduced when a transaction is not
needed anymore (e.g., data to be sent is too late to be
processed, or read data is not useful anymore because
some deadline has passed).

Additionally, the time period is reduced during which a
process is blocked as it is waiting on the interconnect
acceptance of/response to a transaction whichis no long-
er needed anymore.

[0017] According to an aspect of the invention said da-
ta processing system comprises at least one first trans-
action retraction unit, which is associated to said at least
one second processing module. Hence, the decision to
allow the retraction is performed on the target side and
not on the side of an initiator. As the transaction retraction
may be implemented by the transaction retraction units,
the arrangement of the processing modules do not need
to be changed. Therefore, the proposed scheme is sim-
ple and easy to implement, and provides backward com-
patibility with existing protocols.

[0018] According to a further aspect of the invention
at least one second transaction retraction unit, which is
associated to said first processing module, is provided
to issue an explicit transaction retraction request to said
first transaction retraction unit or said second processing
unit. Said first transaction retraction unit indicates an al-
lowance of said transaction retraction request. Here, the
retraction is explicitly requested and explicitly allowed.
[0019] According to still a further aspect of the inven-
tion said first transaction retraction unit TRU1 indicates
the allowance of said transaction retraction request rt, if
the transaction retraction request rt is present.

[0020] According to a further aspect of the invention,
at least one second transaction retraction unit TRUZ2 is
associated to said first processing module for issuing an
explicit transaction retraction request rt to said first trans-
action retraction unit TRU1 or said second processing
module T. Said first transaction retraction unit TRU1 in-
dicates an allowance of said transaction retraction re-
quest rt, if a valid command CMD issued from said first
processing module | is present, the valid command CMD
has not been accepted by the second processing module
T, and the transaction retraction request rt is present.
[0021] According to a further aspect of the invention
said first retraction unit indicates an allowance of a re-
quested transaction retraction if a valid command issued
from said first processing module is present, and the valid
command has not been accepted yet by the second
processing module. Here, the allowance of the retraction
is performed implicitly.

[0022] The transaction retraction may also be per-
formed in a multi-chip network or a system with several
separate integrated circuits.
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[0023] The invention is based on the idea to extend
the handshake process for a transaction retraction by a
special signal or a special combination of signals to grant
orrefuse a transaction retraction. A transaction retraction
is granted when the state in the slave permits this, oth-
erwise itis refused (e.g., a write retraction can be granted
when no write data from that transaction has been sent
further).

[0024] Further aspects of the invention are described
in the dependent claims.

[0025] These and other aspects of the invention are
apparent from and will be elucidated with reference to
the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 shows a schematic representation of a network
on chip according to the invention,

Fig. 2 shows a schematic representation of the sig-
nals exchanged between an initiator and a target ac-
cording to a first embodiment,

Figs. 3 - 5 show schematic representations of exam-
ple timing diagrams of the signals of the first embod-
iment of Fig. 2,

Fig. 6 shows a schematic representation of the sig-
nals exchanged between an initiator and a target ac-
cording to a second embodiment,

Fig. 7 shows a schematic representations of timing
diagrams of the signals of the second embodiment
of Fig. 6, and

Fig. 8 shows a schematic representations of timing
diagrams of the signals of the second embodiment
of Fig. 6.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] The following embodiments relate to systems
on chip, i.e. a plurality of modules on the same chip (in-
cluding e.g. system in a package, multi-die modules) or
ondifferent chips, communicate with each other via some
kind of interconnect. The interconnect is embodied as a
network on chip NOC. The network on chip may include
wires, bus, time-division multiplexing, switches, and/or
routers within a network. At the transport layer of said
network, the communication between the modules may
be performed over connections. A connection is consid-
ered as a set of channels, each having a set of connection
properties, between a first module and at least one sec-
ond module. For a connection between a first module
and a single second module, the connection may com-
prises two channels, namely one from the first module
to the second channel, i.e. the request channel, and a
second from the second to the first module, i.e. the re-
sponse channel. Therequest channelisreserved fordata
and messages from the first to the second, while the re-
sponse channel is reserved for data and messages from

10

15

20

25

30

35

40

45

50

55

the second to the first module. However, if the connection
involves one first and N second modules, 2*N channels
are provided. The connection properties may include or-
dering (data transport in order), flow control (a remote
buffer is reserved for a connection, and a data producer
will be allowed to send data only when it is guaranteed
that space is available for the produced data), throughput
(alower bound on throughputis guaranteed), latency (up-
per bound for latency is guaranteed), the lossiness (drop-
ping of data), transmission termination, transaction com-
pletion, data correctness, priority, or data delivery.
[0028] Fig. 1 shows a basic arrangement of a network
on chip according to the invention. In particular, a master
module M and a slave module S each with an associated
network interface NI are depicted. Each module M, S is
connected to a network N via its associated network in-
terface NI, respectively. The network interfaces NI are
used as interfaces between the master and slave mod-
ules M, S and the network N. The network interfaces NI
are provided to manage the communication between the
respective modules M, S and the network N, so that the
modules can perform their dedicated operation without
having to deal with the communication with the network
or other modules. The network N comprises a plurality
of network routers R for routing data through the network
from one network interface NI to another.

[0029] The modules as described in the following can
be so-calledintellectual property blocks IPs (computation
elements, memories or a subsystem which may internally
contain interconnect modules) that interact with network
at said network interfaces NI. A network interface NI can
be connected to one or more IP blocks. Similarly, an IP
block can be connected to more than one network inter-
faces.

[0030] Fig. 2 show a schematic representation of the
functional interrelation of a communication between two
modules, namely an initiator module | and a target mod-
ule T, according to a first embodiment. The initiator | as
well as the target T may comprise a transaction retraction
unit TRU2, TRU1 for controlling the retraction of a trans-
action. The communication between the initiator module
| and the target module T is based on request-response
transactions, where the initiator module l initiates a trans-
action by placing a request, possibly with some data or
required connection properties. The request is delivered
to the target module T.

[0031] The relation between the master - slave of Fig.
1 and the initiator-target of Fig. 2 is such that the initiator
and target as shown in Fig. 2 are link-level entities, while
master and slave as shown in Fig. 1 are end-to-end en-
tities. Accordingly, the master starts a transaction, and
the slave executes it. However, the initiator | produces a
request (which can represent forwarding it, like for the
network interface NI of the slave ), and the target T re-
ceives a request without necessarily executing it (like the
network interface NI of the master). A master is always
an initiator, and the slave is always a target executing
the transactions, but initiators and targets are not neces-
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sarily masters and slaves, respectively.

[0032] In Fig. 2 only those signals or ports are shown
which are required for explaining the basic principle of
the invention. Other signals may be present in the pro-
tocol. The initiator | comprises a command output port
cmd, and a valid output port vd, i.e. the target receives
a command signal cmd and a valid signal vd. The target
T comprises two output ports, namely an accept port acp
and a retraction allow port allow_retr. A transaction re-
quest is signaled by the initiator | by rising the valid port
vd, i.e. the valid signal is set to high, signaling that valid
command exists on the command port cmd. (For the prin-
ciples of the invention it is not important which command
was actually issued by the initiator I). A request is ac-
cepted by the target T when both the valid signal vd and
the accept signal acp are high. As an alternative, the
accept signal acp may be set to high by default in order
to signal unconditional willingness of the target to accept
requests.

[0033] As mentioned above the transaction retraction
units TRU2, TRU1 of the initiator | and the target T may
serve to control the transaction retraction. A retraction of
a transaction is then performed by simply lowering the
valid signal vd and setting it to low. However, according
to the firstembodiment this is only allowed when the allow
retraction signal allow_retr is set high by the target T sig-
naling if the state in the target T permits a transaction
retraction. If the signal allow_retr is low, it is forbidden to
perform a transaction retraction. In other words, the
transaction retraction unit TRU2 of the initiator | performs
a retraction by lowering the valid signal vd, if the trans-
action retraction unit TRU1 of the target T outputs the
allowance signal allow_retron a high state. The retraction
may be performed until the target T accepts the command
issued by the initiator by setting the accept signal acp to
high.

[0034] In Figs. 3 to 5 timing diagrams for the signals
of Fig. 2 are shown. In particular, the timing of the clock
clk, the command signal cmd, the valid signal vd, the
accept signal acp and the retraction allowance signal
allow_retr are shown, respectively. The first embodiment
is related to an implicit transaction retraction, i.e. without
a specific retraction port or signal. A signal, i.e. the signal
allow_retr, from the target T to the initiator | specifies
when a transaction can be retracted.

[0035] Fig. 3 shows the timing diagram of the usual
operation, i.e. the command CMD from the initiator | is
accepted by the slave S, since the valid signal vd as well
as the accept signal acp are both high at the beginning
of cycle 5 (see arrow in Fig. 3). As mentioned above, a
command CMD can only be retracted when the signal
allow_retract is high. In the Fig. 3, the target T needs two
cycles (Cycles 3 and 4) to accept a command CMD.
Therefore, it lowers the signal allow_retract in Cycle 3
and 4, as long as it processes/accepts the transaction.
In the last cycle of the transaction processing (Cycle 4)
it also rises the accept signal acp to indicate the accept-
ance of the transaction by the target T.
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[0036] Fig. 4 shows the timing diagram for the case
where the transaction retraction is performed. Until the
beginning of cycle 3, the valid signal vd and the retraction
allowance signal allow_retr are both high and the accept-
ance signal acp is low, i.e. a retraction of the transaction
is possible.

[0037] Fig. 5 shows the timing diagram for a case,
where the transaction retraction is not allowed. During
cycle 3, the valid signal vd is high but the retraction al-
lowance signal allow_retr is low, i.e. a retraction of the
transaction is not possible in cycle 3 as marked with a
cross in Fig. 5. However, a retraction can be possible in
cycles 0-2 as the valid signal vd and the retraction allow-
ance signal allow_retr are high while the acceptance sig-
nal acp is low.

[0038] Inotherwords, aretraction is allowed according
to the first embodiment as long as the valid signal vd and
the retraction allowance signal allow_retr are high while
the acceptance signal acp is low

[0039] Fig. 6 shows a schematic representation of a
functional interrelation of a communication between two
modules, namely an initiator module | and a target mod-
ule T, according to a second embodiment. The initiator |
as well as the target T may comprise a transaction re-
traction unit TRU2, TRU1 for controlling the retraction of
a transaction. The basic operation of the two modules
corresponds to their operation in the first embodiment
according to Fig. 2. In Fig. 6 only those signals or ports
are shown which are required for explaining the basic
principle of the invention. The initiator | comprises a com-
mand output port cmd, a valid output port vd, and a retract
output port rt , i.e. the target receives a command signal
cmd, a valid signal vd, and a retract signal rt. The target
T comprises two output ports, namely an accept port acp
and a grant retraction out port grant_retr.

[0040] Atransactionrequestis signaled by the initiator,
i.e. the transaction retraction unit TRUZ2, by rising the
valid signal vd, i.e. the valid signal is set to high, in order
to signal that a valid command exists on the command
port cmd. (For the principles of the invention it is not im-
portant which command was actually issued by the initi-
ator ). A request is accepted by the target T when both
the valid port vd and the accept port acp are high. As an
alternative, the accept port acp may be set to high by
default in order to signal an unconditional willingness of
the target to accept requests.

[0041] According to a second embodiment, a transac-
tion retraction is requested by the initiator, i.e. the trans-
action retraction unit TRUZ2, by rising the retract signal rt.
A request for a transaction retraction from the initiator |
makes only then sense when the valid signal vd is also
high, i.e., when there is a valid command being issued
to the target which may be retracted. In addition, a trans-
action is only retracted when the retract signal rt and the
grant retraction signal grant_retr are high (provided the
valid signal vd is also high and the accept signal acp is
low), otherwise the retraction request will produce no ef-
fect.



9 EP 1733 309 B1 10

[0042] In Fig. 7 a timing diagram for the signals of in
Fig. 6 are shown. In particular, the timing of the clock clk,
the command signal cmd, the valid signal vd, the accept
signal acp, the retract signal rt, and the grant_retr are
shown, respectively. The second embodiment is related
to an explicit transaction retraction, i.e. with a special
retraction port or signal. The initiator |, i.e. the transaction
retraction unit TRU2, signals that it wants to retract a
command with an explicit signal, namely the retract signal
rt. As the accept signal acp is low and the valid signal vd
and the retract signal rt are both high during cycles 1-2,
the transaction retraction unit TRU1 grants the retraction
or not according to the signal grant_retr. Hence, the ini-
tiator | can retract the command only in the cycle 2.
[0043] In Fig. 8 a timing diagram for the signals of in
Fig. 6 are shown. In particular, the timing of the clock clk,
the command signal cmd, the valid signal vd, the accept
signal acp, the retract signal rt, and the grant_retr are
shown, respectively. Here, an example of an explicit
transaction retraction request is shown which is not been
granted. The initiator | signals that it wants to retract a
command with an explicit signal, namely the retract signal
rt as shown in Fig. 7. The retraction is granted or not with
a signal grant_retr from the target T. However, as the
accept signal acp is high, a retraction can not be granted.
[0044] Inotherwords, aretractionis allowed according
to the second embodiment provided the valid signal vd
and the retract signal rt are high, while the acceptance
signal acp is low.

[0045] The above mentioned granting of a retraction
request may be based on a retraction signal or on a group
of control signals on which one combination represents
the retraction.

[0046] The above described transaction retraction is
meant as an extension to an existing protocol. The ex-
tensions proposed in the two embodiments ensure full
compatibility with the original protocols. If one of the ini-
tiator and target does not implement the extension, the
added signals can be set to "low" such that they do not
have any effect.

[0047] The proposed scheme is in particular relevant
for device level communication protocols (e.g., DTL, AXI,
OCP). It allows transaction retraction in a controlled way:

avoiding the possibility of inconsistent states in the
target, and eliminating unnecessary constraints on
targets. The proposed scheme is simple and easy
to implement, and provides backward compatibility
with existing protocols.

[0048] Although the principles of the invention were
described with regards to network on chip, this is not only
applicable to such network, but also to bus protocols,
such as DTL. All the signals shown in the figures are part
ofthe DTL spec (except those related to retraction: allow_
retr, retract, grant_retr).

[0049] In a network, command retraction could be im-
plemented at the link between the master and its network
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interface. This is because the master that issued a com-
mand can decide that the command is not needed any-
more.

[0050] Another place where the command retraction
can be implemented is at the link between a slaves net-
work interface and a slave. The reason could be that a
transaction with a higher priority has arrived in the net-
work interface, and, if the issued transaction (with a lower
priority) has not been accepted, it can be retracted to
allow the higher priority transaction to proceed.

[0051] The invention relates to an extended hand-
shake comprising a special response to grant or refuse
a transaction retraction. A target can indicate on its own
motion with a signal (allow_retr) whether the initiator can
retract a transaction. Alternatively, the target indicates
this upon a request signal by the initiator (grant_retr and
retract).

[0052] Inthe above embodiments a retraction request
may be issued to the target T and/or the transaction re-
traction unit TRU1. If the transaction retraction unit TRU1
is part of the target T as shown in Fig. 2 and Fig. 6, the
retraction request will be issued to the target/transaction
retraction unit, while if the transaction retraction unit
TRU1 is not implemented in the target T but for example
close to is, the retraction request may be issued to the
transaction retraction unit TRU1.

[0053] The second transaction retraction unit TRU2 is
associated to said first processing module for issuing an
explicit transaction retraction request rt to said first trans-
action retraction unit TRU1 or said second processing
module T. Said first transaction retraction unit TRU1 in-
dicates the allowance of said transaction retraction re-
quest rt. In addition, said first transaction retraction unit
TRU1 indicates the allowance of said transaction retrac-
tion request rt and the transaction retraction request rt is
present.

Accordingly, a 'default allowed retraction’ is possible, i.e.
the grant retract would be high even if there is no valid
cmd and/or a retraction request. However, if one or both
are present the retraction signal could change to low.
[0054] It should be noted that the above-mentioned
embodiments illustrate ratherthan limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. In the device claim enumerating sev-
eral means, several of these means can be embodied
by one and the same item of hardware. The mere fact
that certain measures are recited in mutually different
dependent claims does not indicate that a combination
of these measures cannot be used to advantage.
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Claims

Data processing system comprising

a plurality of processing modules (I, T) arranged for
communicating with each other over an interconnect
means by means of a split transaction based com-
munication protocol, wherein at least one first
processing module (I) issues atleast one transaction
towards at least one second processing module (T)
in the framework of said split transaction based com-
munication protocol, characterized by:

at least one first transaction retraction unit
(TRU1) for indicating the allowance to said at
least one first of said processing modules (I) to
retract said at least one transaction according
to the state of said second processing module
(T) in the framework of said split transaction
based communication protocol.

Data processing system according to claim 1, where-
in

said at least one first transaction retraction unit
(TRUM1) is associated to said at least one second
processing module (T),

Data processing system according to claim 1 or 2,
further comprising

at least one second transaction retraction unit
(TRU2) being associated to said first processing
module for issuing an explicit transaction retraction
request (rt) to said first transaction retraction unit
(TRU1) or said second processing module (T),
wherein said first transaction retraction unit (TRU1)
indicates the allowance of said transaction retraction
request (rt).

Data processing system according to claim 3, where-
in

said first transaction retraction unit (TRU1) indicates
the allowance of said transaction retraction request
(rt), if the transaction retraction request (rt) is
present.

Data processing system according to claim 1 or 2,
further comprising

at least one second transaction retraction unit
(TRU2) being associated to said first processing
module for issuing an explicit transaction retraction
request (rt) to said first transaction retraction unit
(TRU1) or said second processing module (T),
wherein said first transaction retraction unit (TRU1)
indicates an allowance of said transaction retraction
request (rt), if a valid command (CMD) issued from
said first processing module (1) is present, the valid
command (CMD) has not been accepted by the sec-
ond processing module (T), and the transaction re-
traction request (rt) is present.
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6.

Data processing system according to claim 1 or 2,
wherein

said first retraction unit (TRU1) indicates an allow-
ance of a requested transaction retraction, if a valid
command (CMD) issued from said first processing
module (1) is present, and the valid command (CMD)
has not been accepted yet by the second processing
module (T).

Method for transaction retraction in a data process-
ing system having a plurality of processing modules
(I, T) arranged for communicating with each other
over aninterconnect means by means of a splittrans-
action based communication protocol, the method
comprising the steps of:

issuing at least one transaction by at least one
first processing module (l) towards at least one
second processing module (T) in the framework
of said split transaction based communication
protocol, characterized by

indicating the allowance to retract said at least
one transaction according to the state of said
second processing module (T) to said at least
one first of said processing modules (l) in the
framework of said split transaction based com-
munication protocol.

Patentanspriiche

1.

Datenverarbeitungssystem, das Folgendes um-
fasst:

eine Vielzahl von Verarbeitungsmodulen (I, T),
die vorgesehen sind, um miteinander Uber ein
Verbindungsmittel mit Hilfe eines geteilten
transaktionsbasierten Kommunikationsproto-
kolls zu kommunizieren, wobei mindestens ein
erstes Verarbeitungsmodul (I) mindestens eine
Transaktion an mindestens ein zweites Verar-
beitungsmodul (T) im Rahmen des genannten
geteilten transaktionsbasierten Kommunikati-
onsprotokolls ausgibt, gekennzeichnet durch:

mindestens eine erste Transaktionszurtick-
ziehungseinheit (TRU1) zum Angeben der
Erlaubnis fir das genannte mindestens ei-
ne erste der genannten Verarbeitungsmo-
dule (l), die genannte mindestens eine
Transaktion gemaR dem Status des ge-
nannten zweiten Verarbeitungsmoduls (T)
im Rahmen des genannten geteilten trans-
aktionsbasierten ~ Kommunikationsproto-
kolls zuriickzuziehen.

2. Datenverarbeitungssystem nach Anspruch 1, wobei

die genannte mindestens eine erste Transaktions-



13 EP 1733 309 B1 14

zuriickziehungseinheit (TRU1) dem genannten min-
destens einen zweiten Verarbeitungsmodul (T) zu-
geordnet ist.

Datenverarbeitungssystem nach Anspruch 1 oder 2,
das weiterhin Folgendes umfasst:

mindestens eine zweite Transaktionszuriickzie-
hungseinheit (TRU2), die dem genannten er-
sten Verarbeitungsmodul zugeordnet ist, um ei-
ne explizite Transaktionszuriickziehungsanfor-
derung (rt) an die genannte erste Transaktions-
zuriickziehungseinheit (TRU1) oder das ge-
nannte zweite Verarbeitungsmodul (T) auszu-
geben,

wobei die genannte erste Transaktionszurlickzie-
hungseinheit (TRU1) die Erlaubnis der genannten
Transaktionszurlickziehungsanforderung (rt) an-
gibt.

Datenverarbeitungssystem nach Anspruch 3, wobei
die genannte erste Transaktionszuriickziehungsein-
heit (TRU1) die Erlaubnis der genannten Transakti-
onszurlickziehungsanforderung (rt) angibt, wenn die
Transaktionszuriickziehungsanforderung (rt) vor-
liegt.

Datenverarbeitungssystem nach Anspruch 1 oder 2,
das weiterhin Folgendes umfasst:

mindestens eine zweite Transaktionszurtickzie-
hungseinheit (TRU2), die dem genannten er-
sten Verarbeitungsmodul zugeordnet ist, um ei-
ne explizite Transaktionszurtickziehungsanfor-
derung (rt) an die genannte erste Transaktions-
zurlickziehungseinheit (TRU1) oder das ge-
nannte zweite Verarbeitungsmodul (T) auszu-
geben,

wobei die genannte erste Transaktionszuriickzie-
hungseinheit (TRU1) eine Erlaubnis der genannten
Transaktionszuriickziehungsanforderung (rt) an-
gibt, wenn ein von dem genannten ersten Verarbei-
tungsmodul (I) ausgegebener gliltiger Befehl (CMD)
vorliegt, der gultige Befehl (CMD) nicht durch das
zweite Verarbeitungsmodul (T) akzeptiert wurde und
die Transaktionszuriickziehungsanforderung (rt)
vorliegt..

Datenverarbeitungssystem nach Anspruch 1 oder 2,
wobei

die genannte erste Zurlickziehungseinheit (TRU1)
eine Erlaubnis einer angeforderten Transaktionszu-
rickziehung angibt, wenn ein von dem genannten
ersten Verarbeitungsmodul (l) ausgegebener glilti-
ger Befehl (CMD) vorliegt und der gultige Befehl
(CMD) noch nicht durch das zweite Verarbeitungs-
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modul (T) akzeptiert wurde.

Verfahren zur Transaktionszuriickziehung in einem
Datenverarbeitungssystem mit einer Vielzahl von
Verarbeitungsmodulen (I, T), die vorgesehen sind,
um miteinander Gber ein Verbindungsmittel mit Hilfe
eines geteilten transaktionsbasierten Kommunikati-
onsprotokolls zu kommunizieren, wobei das Verfah-
ren die folgenden Schritte umfasst:

Ausgeben von mindestens einer Transaktion
durch mindestens ein erstes Verarbeitungsmo-
dul (I) an mindestens ein zweites Verarbeitungs-
modul (T) im Rahmen des genannten geteilten
transaktionsbasierten Kommunikationsproto-
kolls, gekennzeichnet durch:

Angeben der Erlaubnis zum Zuriickziehen
der genannten mindestens einen Transak-
tion gemal dem Status des genannten
zweiten Verarbeitungsmoduls (T) an das
genannte mindestens eine erste der ge-
nannten Verarbeitungsmodule () im Rah-
men des genannten geteilten transaktions-
basierten Kommunikationsprotokolls.

Revendications

Systéeme de traitement de données, comprenant :

une pluralité de modules de traitement (I, T)
agenceés de sorte a communiquer mutuellement
par lintermédiaire d’un moyen d’intercon-
nexion, au moyen d’un protocole de communi-
cation a transactions fractionnées, dans lequel
au moins un premier module de traitement (1)
émet au moins une transaction a au moins un
second module de traitement (T) dans le cadre
dudit protocole de communication a transac-
tions fractionnées, caractérisé par :

au moins une premiére unité de rétractation
de transaction (TRU1) pour accorder la per-
mission a au moins un premier desdits mo-
dules de traitement (1) de rétracter ladite ou
lesdites transaction(s) en fonction de I'état
dudit second module de traitement (T) dans
le cadre dudit protocole de communication
a transactions fractionnées.

Systéme de traitement de données selon la reven-
dication 1, dans lequel

ladite au moins une unité de rétractation de transac-
tion (TRU1) est associée audit au moins un second
module de traitement (T).

Systéme de traitement de données selon la reven-
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dication 1 ou 2, comprenant en outre :

au moins une seconde unité de rétractation de
transaction (TRU2) associée audit premier mo-
dule de traitement pour émettre une demande
explicite de rétractation de transaction (rt) a la-
dite premiére unité de rétractation de transac-
tion ou audit second module de traitement (T),

dans lequel ladite premiére unité de rétractation de
transaction (TRU1) accorde la permission a ladite
demande de rétractation de transaction (rt).

Systéme de traitement de données selon la reven-
dication 3, dans lequel

ladite premiere unité de rétractation de transaction
(TRU1) accorde la permission a ladite demande de
rétractation de transaction (rt), si la demande de ré-
tractation de transaction (rt) est présente.

Systéme de traitement de données selon la reven-
dication 1 ou 2, comprenant en outre :

au moins une seconde unité de rétractation de
transaction (TRU2) associée audit premier mo-
dule de traitement pour mettre une demande ex-
plicite de rétractation de transaction (rt) a ladite
premiére unité de rétractation de transaction
(TRU1) ou audit second module de traitement

(M,

dans lequel ladite premiere unité de rétractation de
transaction (TRU1) accorde une permission a ladite
demande de rétractation de transaction (rt) si une
commande valide (CMD) issue dudit premier module
de traitement (1) est présente, la commande valide
(CMD) n’a pas été acceptée par le second module
de traitement (T) et la demande de rétractation de
transaction (rt) est présente.

Systéme de traitement de données selon la reven-
dication 1 ou 2, dans lequel

ladite premiére unité de rétractation (TRU1) accorde
une permission de rétractation de transaction de-
mandée si une commande valide (CMD) issue dudit
premier module de traitement () est présente, et la
commande valide (CMD) n’a pas encore été accep-
tée par le second module de traitement (T).

Procédé de rétractation de transactions dans un sys-
teme de traitement de données comprenant une plu-
ralité de modules de traitement (I, T) agencés de
sorte @ communiquer mutuellement par l'intermé-
diaire d’'un moyen d’interconnexion, au moyen d’'un
protocole de communication a transactions fraction-
nées, le procédé comprenant I'étape consistant a :

émettre au moins une transaction d’'un premier
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module de traitement (I) a au moins un second
module de traitement (T) dans le cadre dudit pro-
tocole de communication a transactions frac-
tionnées, caractérisé par I'étape consistant a
accorder la permission de rétractation de ladite
ou desdites transaction(s) en fonction de I'état
dudit second module de traitement (T) audit au
moins un premier desdits modules de traitement
(I) dans le cadre dudit protocole de communica-
tion a transactions fractionnées.
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